Vav is a signal transducing molecule containing Cterminal Src homology 3 (SH3)-SH2-SH3 domains, and has been thought to be expressed exclusively in hematopoietic and trophoblastic cells. By Northern blot analysis, vav transcripts of unique sizes, 4.8 kb and 1.0 kb, were detected in the testis among various tissues examined. From a mouse spermatocyte cDNA library, a novel isoform of vav (vav-T) was cloned, which corresponded to a part of the 4.8 kb transcript. Vav-T had an alternative 5' sequence up to the middle of SH2-coding region, and encoded 163 amino acids with a single SH3 domain. Northern blot analysis of fractionated testicular cells and in situ hybridization histochemistry demonstrated that vav-T transcripts were expressed in the dierentiating germ cells, especially spermatocytes. A 24 kD protein was detected by anti-Vav antibodies in the testis, but not in the spleen or bone marrow. Transcripts of heterogeneous nuclear ribonucleoprotein K, known to associate with the most C-terminal SH3 domain of Vav, were also detected in the dierentiating male germ cells. These results demonstrate expression of previously nondescribed Vav-isoform in the testicular germ cells, and suggest that it interacts with RNAbinding proteins and plays an important role in spermatogenesis.
Introduction
The vav gene was initially identi®ed by virtue of its oncogenic activation during the course of gene transfer assays (Katzav et al., 1989) . The vav proto-oncogene encodes a 95 kDa polypeptide, Vav, that contains two C-terminal Src homology 3 (SH3) domains¯anking a single SH2 domain which are shared by many signaling molecules (Katzav et al., 1989; Coppola et al., 1991; Pawson, 1995) . In addition, Vav has an N-terminal leucine-rich region, a Dbl homology (DH) motif similar to guanine-nucleotide releasing factors for small GTP-binding proteins of the Rho-Rac family, a pleckstrin homology (PH) domain, and a cysteine-rich region which displays strong similarity to the zincbutter¯y domains of protein kinase C isoforms, further suggesting a role in signaling pathways. Indeed, Vav is rapidly and transiently phosphorylated on tyrosine residues upon activation of wide variety of receptors, including the T-cell receptor Margolis et al., 1992) , the mast cell IgE high anity FceRI receptor (Margolis et al., 1992) , the B-cell IgM antigen receptor and the c-Kit and Flk-2 protein tyrosine kinases (PTKs) (Alai et al., 1992; Dosil et al., 1993) . Ectopic expression of Vav in mouse ®broblasts also results in tyrosyl phosphorylation by the epidermal growth factor and platelet-derived growth factor receptors upon activation by their respective ligands Margolis et al., 1992) . In these cases, Vav forms stable complexes with the receptors presumably mediated by the binding of its SH2 domain to phosphotyrosine residues on the receptor. Recently, targeted disruptions of vav have clearly shown the involvement of Vav in early steps of embryo development . The proliferative response to antigen stimulation has been impaired in vav 7/7 T and B lymphoid cells thereby con®rming the role of Vav in signaling pathways (Tarakhovsky et al., 1995; Zhang et al., 1995; Fischer et al., 1995) .
Spermatogenesis is a complex process that associates mitosis and meiosis with extensive structural changes (Bellve, 1979; Hecht, 1995) . A diploid stem cell, the spermatogonium, proliferates and dierentiates into tetraploid primary spermatocytes, which undergo meiosis. As a result of two meiotic divisions, the primary spermatocyte dierentiates into the spermatid, a haploid cell which ultimately becomes the structurally and biochemically unique spermatozoon. This process is believed to be regulated by both paracrine factors and cell-to-cell interactions with somatic cells. Protein tyrosine phosphorylation, thought to be regulated by PTK and protein tyrosine phosphatase (PTP), is important for eukaryotic cell signaling, proliferation and dierentiation (Yarden and Ullrich, 1988) . In the testis, expression of several PTKs and PTPs have been identi®ed such as c-Kit, FerT, PTP1B and PTPd (Yoshinaga et al., 1991; Keshet et al., 1990; Kaneko et al., 1994) . Essential roles played by PTK in spermatogenesis is demonstrated by an analysis of dominant white spotting (W) locus of mouse. The mutations at W locus cause defects in germ cells and hematopoietic cells among others (Russel, 1979) , and cKit, a receptor PTK for steel factor (stem cell factor, kit ligand), is encoded at this locus.
Although vav was originally thought to be selectively expressed in hematopoietic cells, its expression has been detected in the trophoectoderm and trophoblasts, structures absolutely required for proper embryo implantation and survival of the fetus Higuchi et al., 1995) . Since expressions of several cytokines and their receptors have been detected in many tissues, we suspected that vav might also be involved in the signal transduction in other non-hematopoietic cells. In the present study, we analysed expression of vav in the testis, and found that the dierentiating germ cells expressed a 5'-truncated isoform of vav, vav-T retaining only the most C-terminal SH3 (C-SH3) domain. The transcripts of heterogeneous nuclear ribonucleoprotein K (hnRNPK) known to associate with C-SH3 domain of Vav (Hobert et al., 1994; Bustelo et al., 1995) were also detected in the germ cells, suggesting their interaction and involvement in spermatogenesis.
Results

Expression of vav mRNA in the testis
When we analysed vav proto-oncogene expression in various mouse tissues by Northern blotting, a prominent 3.1 kb band was detected in total RNAs from bone marrow and spleen ( Figure 1 and data not shown). A low level of vav mRNA of similar size was also detected in brain, testes, and placenta, and with longer exposures in all tissues examined including lung, heart, liver, kidney, stomach, intestine, colon, bladder, uterus and ovary, which was considered to re¯ect the presence of blood cells. In the testis, a strong signal of about 1.0 kb in size was also observed (Figure 1, lane 8) .
Identi®cation of cells expressing vav mRNA in the testis
To de®ne whether vav is expressed in germ cells and/or somatic cells, RNAs prepared from the fractionated germ cells, and testes of the wild type and W/W v mutant mice were analysed. The W/W v mutant mice lack germ cells in the adult, although the somatic cell elements including Sertoli cell, Leydig cell, and peritubular myoid cell are apparently normal (Russel, 1979; Kaneko et al., 1994) . When cDNA encoding the C-terminal SH3 region of vav was used as a probe in Northern blot analysis, a 3.1 kb band was observed in the P815 mastocytoma cells as expected (Figure 2, Cloning and nucleotide sequence of vav-T cDNA
To de®ne the structure of vav transcripts detected in the testicular germ cells, we constructed a mouse spermatocyte cDNA library and screened it with a near full-length vav cDNA probe. Seven clones were isolated, one of which containing the largest insert (pT4-1) was further characterized. The 1042 bp insert of pT4-1 diered from the reported cDNA sequence of vav (Adams et al., 1992) in the ®rst 374 bp which were Northern blot analysis of vav mRNA from mouse germ cells. Total cellular RNAs (20 mg each) extracted from testis of germ cell-de®cient W/W v mice, testis of adult wild-type mice, puri®ed pachytene spermatocytes, puri®ed spermatids, NIH3T3 ®broblasts and P815 mastocytoma cells were analysed by Northern blotting using the 3' portion (a) and 5' portion (b) of vav cDNA (probes III and I, respectively in Figure 3b ). As a control for the amount of RNA loaded, the ®lter was rehybridized with a mouse S26 ribosomal protein cDNA probe (c). The positions of 28S and 18S rRNAs are indicated at the right. Arrowheads indicate the positions of observed 4.8, 3.1 and 1.0 kb bands unique to pT4-1 (Figure 3a ). Starting at nucleotide position 375, the sequence was identical to that of vav (position 2142 to the 3' end). Although the reported sequence ends at the stop codon corresponding to the positions 781 ± 783, the pT4-1 insert had a 3' untranslated region (UTR) of 309 bp containing the consensus polyadenylylation signal and a poly(A) tail. Analysis of a vav cDNA clone isolated from a P815 mastocytoma cDNA library indicated that this 3' UTR is common to vav and vav-T cDNAs (data not shown). The ®rst in-frame ATG initiation codon within pT4-1 was located at positions 283 ± 286. The sequence surrounding this ATG triplet exhibits complete homology to the Kozak consensus cassette (AC-CATGG) (Kozak, 1986) . The predicted protein consists of novel 31 amino acids followed by the Cterminal 132 amino acids of Vav which constitute almost exclusively the C-SH3 domain ( Figure 3b ). One of the remaining 6 clones isolated was identical to the pT4-1 clone, and others corresponded to partial sequences of pT4-1 including two clones containing vav-T speci®c sequences (data not shown).
To verify that vav-T is not the result of a cloning artifact, reverse transcription ± polymerase chain reaction (RT ± PCR) was performed using the isoform-speci®c primers. As shown in Figure 3b (right), the band of expected size, 614 bp, was detected in the sample from testis of wild-type mice. No corresponding band was observed in samples from NIH3T3 cells, P815 cells, ovary, brain, kidney, liver, mast cells or three hematopoietic cell lines including M1 cells (data not shown). Furthermore, the 1270 bp genomic sequences of vav could be ampli®ed from mouse genomic DNA by using the same primer pairs, and the nucleotide sequencing demonstrated that consensus sequences for RNA splicing are conserved at the boundary of pT4-1 speci®c exon and common vav exon ( Figure 3c ). Thus, this isoform was an alternatively spliced form of vav, and named vav-T (truncated isoform of vav expressed in the testis).
Germ cell-speci®c expression of vav-T When the 5' portion of vav cDNA (probe I in Figure  3b ) was used as a vav-speci®c probe in Northern blotting, 3.1 kb transcripts were detected in P815 mastocytoma cells, but not in the testes, puri®ed germ cells nor NIH3T3 ®broblasts (Figure 2b ), although a faint band was observed in the testis of both genotypes after longer exposures. By contrast, using poly(A) + RNA and a vav-T-speci®c probe, signals of 4.8 kb in size were observed in samples from the testis of wildtype adult mice, pachytene spermatocytes and spermatids (Figure 4a ). No signal was detected in the W/W v mouse testis sample, indicating that testicular somatic cells do not express vav-T. In contrast to the results with probes common to vav and vav-T cDNAs ( Figures  2a and 4b) , the 1.0 kb band was not detected in any samples with the vav-T-speci®c probe. Figure 4b also demonstrated that the 1.0 kb band contained 3'UTR sequences as well as C-SH3 of vav transcript.
To further con®rm the expression of vav-T in germ cells, we performed in situ hybridization histochemistry using the vav-T speci®c probe. As shown in Figure 5 , vav-T transcripts were associated with testicular germ cells and not with Leydig or Sertoli cells (Figure 5a ). vav-T transcripts were most abundant in diplotene and pachytene spermatocytes, and less in spermatogonia and spermatids. No signi®cant signal was observed in the testis of W/W v mice (data not shown), or when the sense strand was used as a probe (Figure 5b ). These ®ndings, together with the data from Northern blot analysis demonstrated that vav-T was expressed in the germ cells, especially spermatocytes, and not in somatic cells.
Identi®cation of Vav-T protein
To examine whether vav-T was translated into protein in vivo, lysates were prepared from adult mouse testis, P815 mastocytoma cells, liver, spleen and bone marrow and probed with an anti-Vav antibody. As expected, a strong band was detected at 95 kDa in the P815 lysate SH3 and SH2 domains (Ye and Baltimore, 1994) . (b, right) RT ± PCR using vav-T speci®c primers underlined in a. PCR products were separated on a 1.5% agarose gel and stained with ethidium bromide. cDNAs were from NIH3T3 cells (lane 1) and testis of wild-type mouse (lane 2). (c) Genomic sequence of vav at the junction of vav-T speci®c exon and 3' common exon. Note presence of consensus sequences for RNA splicing. The nearly invariant GT and AG dinucleotides are capitalized. The entire 656 bp intron sequence will appear in the DDBJ, EMBL and GenBank data bases with the accession number D86224
( Figure 6 and data not shown). In the testis lysate, but not in others, a faster-migrating band was observed, which showed an apparent molecular mass of 24 kDa when referred to the standards used. To further con®rm the identity of this band, a polyclonal antibody was developed against the C-terminal peptide of Vav-T. When it was used in Western blotting, the 24 kDa protein was detected in the testis lysate only, and this immunoreactive band was not detected when anti-serum was preincubated with the excess peptide used in immunization (data not shown). These results strongly suggest that the detected 24 kDa band is the Vav-T protein. Since the coding sequence of vav-T cDNA predicts the protein of 19.4 kDa, we performed in vitro transcription/translation analysis. As shown in Figure 6b , a protein species with a relative molecular mass of 24 kDa was observed. Repeated nucleotide sequencing of the isolated vav genomic clone and the pT4-1 cDNA clone veri®ed the sequences. The cause of the observed discrepancy in the Vav-T protein size is presently unknown.
Expression of hnRNPK in testicular germ cells
Recently, hnRNPK expressed in many tissues has been shown to interact with the C-SH3 domain of Vav (Hobert et al., 1994; Bustelo et al., 1995) . Therefore, we next examined whether hnRNPK was coexpressed with Vav-T in mouse male germ cells. As shown in Figure 7 , two bands hybridizing to the hnRNPK cDNA probe were observed in RNAs from the testes of W/W v (lane 1) and wild-type (lane 2) mice, and pachytene spermatocytes (lane 3). Only the smaller sized band was observed in spermatids (lane 4). These results demonstrated that vav-T and hnRNPK transcripts were coexpressed in testicular germ cells.
Discussion
In this study, we used vav cDNA as a probe and detected two bands by Northern blot analysis in RNA derived from mouse testes. Vav proto-oncogene is known to be expressed in most hematopoietic cells (Katzav et al., 1989) . It was possible, therefore, that the bands were due to the vav-expressing hematopoietic cells contaminating the analysed tissues. However, the sizes of the detected`vav' transcripts were dierent from the previously reported size in hematopoeitic cells. Further analysis of the puri®ed cells, and the in situ hybridization histochemistry con®rmed that an isoform of vav (vav-T) was expressed by testicular germ cells. Since vav-T transcripts were not detected in the germ cell-de®cient testis of W/W v mice, the testicular somatic cells were unlikely to express vav-T. The 24 kDa protein detected by anti-Vav antibodies in the testis of adult wild-type mice, therefore, most probably represents Vav-T protein expressed in the germ cells. Our study presents the ®rst evidence that a truncated isoform of vav is expressed in male germ cells.
During spermatogenesis, not only many novel isozymes such as lactate dehydrogenase C and cytochrome c T , but also testis-speci®c isoforms of somatic proteins are known to be synthesized (Goldberg, 1977; Hecht, 1995) . In addition, novel promoters are often utilized for ubiquitously or rather speci®cally expressed genes in the testis, producing testicular and somatic transcripts of dierent sizes. For some genes such as c-abl, the 5'UTRs of testicular transcripts are dierent from, but protein coding regions are identical to, those of somatic transcripts. For other genes such as angiotensin-converting enzyme, an alternative testicular promoter produces an altered gene product (Langford et al., 1991) . Although the size of the clone pT4-1 insert was 1.0 kb, the vav-T speci®c probe detected only the 4.8 kb and not 1.0 kb transcripts by Northern blotting (Figure 4a) . Thus, the size of fulllength vav-T transcript is 4.8 kb, being larger than that of vav (3.1 kb).
However, the coding sequence of vav-T encoded ony 166 amino acids and lacked all functional domains of Vav except for the C-SH3 domain. Vav-T had a 5' deletion up to the middle of SH2-coding region and had an alternative 5' sequence, producing a protein of about 24 kDa instead of 95 kDa. Since the 3'UTR with a poly(A) tail contained in the clone pT4-1 was about 0.3 kb in length, the 5'UTR of vav-T mRNA must be much longer than that of vav. The structure of 5'UTR of vav-T and whether this dierence aects translation, as is seen for cytochrome c s (Hake and Hecht, 1991) , remain to be determined. The structure of the 1.0 kb vav' transcript containing the 5' sequences of neither vav nor vav-T also remains to be determined.
The targets of receptor PTKs often contain related sequences referred to as SH2 and SH3 domains, each recognizing short peptide motifs bearing phosphotyrosine or one or more proline residues, respectively (Pawson, 1995) . Vav has two SH3 and one SH2 domains as well as the PH domain, suggesting its engagement in complex protein-protein interactions and in two or more distinct signaling pathways. Upon activation of a wide variety of hematopoietic cell surface receptors, Vav becomes rapidly phosphorylated on tyrosine residues (Alai et al., 1992; Margolis et al., 1992; Dosil et al., 1993) . The Vav SH2 domain associates with receptor PTKs Margolis et al., 1992) , ZAP-70 (Katzav et al., 1994) , JAK kinases (Matsuguchi et al., 1995) and other molecules , an indication that this region is essential for the proper biological activity of the Vav protein. The pathway downstream of Vav is not clear. Several recent reports could not con®rm the Ras-guanine exchange factor activity of Vav, suggesting that Vav might not be an upstream regulator of Ras (Bustelo et al., 1994; Khosravi-Far et al., 1994) . Recently, Vav was shown to interact with Grb2, which is composed almost entirely of SH2 and SH3 domains and functions as a molecular adaptor to nucleate the formation of protein complexes such as Shc-Gb2-Vav (Ye et al., 1994; Ramos-Morales et al., 1995) . Although expression of Grb2 was detected in the testicular germ cells (J Fujita, unpublished) , interaction of Vav-T with Grb2 is unlikely because it involves the N-terminal SH3 domain of Vav which is deleted in Vav-T. More recently, Bustelo et al. (1995) used the yeast two-hybrid systems to isolate proteins that interact with the C-terminal SH3-SH2-SH3 region of Vav. One of the clones encoded hnRNPK, which is composed of KH and RGG-like domains, and is the major oligo(rC/dC)-binding protein in vertebrate cells (Matunis et al., 1992) . The interaction was demonstrated to be highly speci®c and involve the binding of the C-SH3 domain of Vav.
Interestingly, the SH3 construct used by them (VavSH3C) was contained within and almost identical to Vav-T. hnRNPK was suggested to associate with two molecules of Vav or two dierent SH3-containing signaling molecules at the same time. Because Vav was thought to interact with receptor signaling complexes at the cell surface, Vav was initially supposed to aect either anity for RNA or the subcellular localization of hnRNPK rather than early steps of RNA maturation (Bustelo et al., 1995) . However, Clevenger et al. (1995) demonstrated that Vav is internalized into the nucleus after prolactin-stimulation of a T cell line, raising a possibility that Vav might play a more direct role in regulation of gene expression. We detected coexpression of hnRNPK and vav-T transcripts in the testicular germ cells. In the case of Grb3-3, a naturally occurring isoform of Grb2 that lacks functional SH2 domain but retains functional SH3 domains, it is supposed to act as a dominant negative protein for Grb2 (Fath et al., 1994) . Vav-T is, however, unlikely to function as an inhibitor of Vav in the male germ cells, since no coexpression was observed in them. Further studies are necessary to determine the signi®cance of probable interactions between Vav-T and hnRNPK in the testis. Recently, C-SH3 domain of Vav was shown to interact with the focal contact protein zyxin (Hobert et al., 1996) and nuclear protein Ku-70 (Romero et al., 1996) . Identi®cation of additional Vav-T binding proteins and elucidation of their functions will facilitate our understanding of molecular mechanism of Vav signal transduction and spermatogenesis.
Materials and methods
Mice and cells
Sterile mutant mice, WBB6F1-W/W v were obtained through the mating between congenic C57BL/6-W v /+ and WB-W/+ mice. Sexually mature (2 and 4 month old) C57BL/6 wild-type mice and 4 month old WBB6F1-W/W v mutant mice were purchased from Japan SLC Company (Hamamatsu, Japan). A mouse ®broblast cell line, NIH3T3 and a mastocytomas cell line, P815 were cultured in 25 cm 2¯a sks in D-MEM or RPMI1640 (Gibco, Grand Island, NY) supplemented with 10% calf serum (Dainippon Pharmaceutical Co., Osaka, Japan), 100 IU/ml penicillin, and 100 mg/ml streptomycin at 378C in a humidi®ed atmosphere of 5% CO 2 in air (Fujita et al., 1989) .
Fractionation of testicular germ cells
Puri®ed germ cell preparations were obtained from the testis of 4 month old C57BL/6 mice using centrifugal elutriation and Percoll density gradient separation methods as described previously (Kaneko et al., 1994) . We routinely obtained a puri®ed pachytene spermatocyte population (95% pure) and a puri®ed early spermatid population (95% pure).
RNA extraction and Northern blot hybridization
Various mouse tissues (from 4 month old C57BL/6 mice), mouse testes (from 4 month old C57BL/6 and WBB6F1-W/W v mice) and the pellets of fractiontaed germ cells were dissolved in 4M guanidium isothiocyanate solution, and RNA was extracted. Twenty mg of total RNA or 4 mg of poly(A) + RNA was separated in 1.0% agarose/formaldehyde gels by electrophoresis and transferred onto nylon membranes (Hybond-N + , Amersham, Buckinghamshire, UK), which were then incubated with prehybridization solution (Quick Hyb, Stratagene, La Jolla, CA) for 30 min at 658C, and hybridized with the labeled probes. The probe was labeled by random primer-labeling (Megaprime, Amersham) to a speci®c radioactivity of 0.8 ± 1.5610 9 c.p.m./mg DNA. Hybridization with the labeled probe was performed for 2 h at 658C. After hybridization, the ®lters were washed at room temperature in 26SSC (3 M sodium chloride, 0.3 M sodium citrate) and 0.1% sodium dodecyl sulfate (SDS), followed by 0.26SSC and 0.1% SDS at 658C for 20 min, and autoradiographed. The 2021 bp vav cDNA prepared by RT ± PCR described below, its 3' portion (positions 2343 ± 2551, probe III in Figure 3 ) (Adams et al., 1992) and 3'UTR of vav-T cDNA (probe IV in FIgure 3) were used as probes to analyse multiple tissue RNAs and fractionated germ cells RNAs. The 5' portion of vav cDNA (positions 528 ± 1172, probe I in Figure 3) , and 5'UTR of vav-T cDNA (probe II in Figure 3 ) were used as a probe speci®c to vav and vav-T, respectively. The membranes were washed and used again for Northern blotting with human ribosomal proteins S26 cDNA, because its expression level is virtually constant in many tissues (Higuchi et al., 1995) .
Reverse transcription ± polymerase chain reaction (RT ± PCR) cDNA was prepared from the total RNA of C57BL/6 mouse testis (4 month old) by using a First-strand cDNA Synthesis Kit (Pharmacia LKB Biotechnology, Piscataway, NJ) with random primers, and by following the manufacturer's instructions. The resulting cDNA mixture was subjected to PCR ampli®cation with oligonucleotide primer pairs either from the mouse vav cDNA (sense primer 5'-CAGGCCAGATTGATGACACC-3'; anti-sense primer 5'-GCCTTGCTGTCCCTTCTTAT-3') (Adams et al., 1992) or hnRNPK cDNA (sense primer 5'-CAATGC-CAGTATTTCAGTCC-3'; anti-sense primer 5'-GATAA-TAGGTCCGCCAAGAT-3') (Ito et al., 1994) . The PCR reaction was repeated for 30 cycles at 948C, 508C, and 728C for periods of 1, 1, and 1 min, respectively, for each cycle. RT ± PCR for vav-T was performed using the sense primer (5'-AGAAAGAGGGTTTGTTCAGC-3') located in the 5'UTR, and the antisense primer (5'-GGGAAC-CAGCCGATCCGGCC-3') in the C-SH3 coding region. The PCR reaction was repeated for 35 cycles at 948C, 508C, and 728C for periods of 1, 1, and 1 min, respectively, for each cycle. The PCR mixture contained 0.5 mM of each primer, 2 nM of each deoxyribonucleotide and 0.4 units of Taq DNA polymerase (Promega Corp., Madison, WI) in 100 ml of the buer supplied by the manufacturer. The reaction products were cloned into the EvoRV site of vector pBluescript SK(7) (Stratagene, La jolla, CA) by TA cloning, and the insert was veri®ed by sequencing as described (Kaneko et al., 1994) .
cDNA cloning vav cDNA (positions 450 ± 2470) was labeled with [a-32 P]dCTP using random primers, and used to screen a mouse pachytene spermatocyte cDNA library constructed in lZap phage vectors (Stratagene). About 1610 6 phages were screened and positive plaques were isolated. The nucleotide sequences of the insert were determined as described (Kaneko et al., 1994) .
Western blot hybridization and antisera Fresh mouse tissues and cultured cells were homogenized in RIPA buer (20 mM Tris/Hcl, pH 7.4, 0.1% SDS, 1% Triton X-100) on ice, and aliquots containing 50 mg of protein in each lane were subjected to SDS/PAGE (15% gels). The proteins were electroblotted to Immobilon-P membrane (Millipore), and then subjected to a standard Western blotting protocol using the anti-Vav antibody. Immunoblots were visualized by enhanced chemiluminescence (Amersham).
For production of the anti-Vav antibody, a peptide NYVEEDYSEYC, corresponding to the C-terminus of both Vav and Vav-T, was synthesized (Research Genetics, Inc., Huntsville, AL). The peptide was coupled to keyhole limpet haemocyanin, and then used to immunize rabbits. A monoclonal anti-Vav antibody raised against full-length human Vav was purchased from Upstate Biotechnology, Inc. (Lake Placid, NY).
In vitro transcription/translation A TNT in vitro transcription/translation kit (Promega) was used. Approximately 0.5 mg of circular plasmid was added to each reaction of rabbit reticulocyte lysate in the presence of 20 mCi of [ 35 S]methionine (NEN, Dupont, 10 mCi/ml) and SP6 RNA polymerase in a ®nal volume of 25 ml. Reaction mixtures were incubated at 308C for 90 min. Samples (5 ml) were then boiled in Lammili sample buer and protein products were resolved by 15% polyacrylamide gel electrophoresis. Gels were dried and exposed to X-ray ®lms at room temperature overnight.
In situ hybridization histochemistry Sections were obtained from testes of 4 month old C57BL/ 6 mice and WBB6F1 W/W v mice. In situ hybridization was performed as described previously (Higuchi et al., 1995) . Brie¯y, plasmid DNA containing 5' end-PvuII fragment of vav-T cDNA was linearized with an appropriate enzyme to give sense or antisense template. Digoxigenin-labeled single strand RNA probes were transcribed with T3 or T7 RNA polymerase using a DIG RNA Labeling Kit (Boehringer Mannheim GmbH Biochemica, Mannheim, Germany). Before hybridization, sections were dewaxed with chloroform, and hydrated in graded ethanol solutions, after which they were re®xed in 4% paraformaldehyde for 15 min. They were then successively pretreated with proteinase K, 0.2 N HCl, 0.25% acetic anhydride in 0.1 M triethanolamine, dehydrated with graded ethanol solutions, and air dried. Hybridization was carried out overnight at 508C with approximately 0.5 mg/ml digoxigenin-labeled RNA probes in 50% formamide, 10% dextran sulfate, 106Denhardt's solution, 600 mM NaCl, 250 mg/ml E. coli transfer RNA. After hybridization, sections were treated with RNase A (3 mg/ml) at 378C for 30 min, washed twice with 26SSC and 0.26SSC for 20 min each time at 508C. The hybridized digoxigenin-labeled probe was detected with a Nucleic Acid Detection Kit (Boehringer Mannheim). Hybridization with the sense probe carried out at the same time under identical conditions served as a negative control.
